We present the first results from a minute cadence survey of a three square degree field obtained with the Dark Energy Camera. We imaged part of the Canada-FranceHawaii Telescope Legacy Survey area over eight half-nights. We use the stacked images to identify 111 high proper motion white dwarf candidates with g 24.5 mag and search for eclipse-like events and other sources of variability. We find a new g = 20.64 mag pulsating ZZ Ceti star with pulsation periods of 11-13 min. However, we do not find any transiting planetary companions in the habitable zone of our target white dwarfs. Given the probability of eclipses of 1% and our observing window from the ground, the non-detection of such companions in this first field is not surprising. Minute cadence DECam observations of additional fields will provide stringent constraints on the frequency of planets in the white dwarf habitable zone.
INTRODUCTION
Transient surveys like the Palomar Transient Factory (Rau et al. 2009 ), Panoramic Survey Telescope & Rapid Response System Medium Deep Fields (Kaiser et al. 2010; Tonry et al. 2012 ), Dark Energy Survey Supernova Fields (Flaugher 2005; Bernstein et al. 2012) , Sloan Digital Sky Survey Stripe 82 (Ivezić et al. 2007 ), Catalina surveys (Drake et al. 2009 ), as well as microlensing surveys like the Massive Compact Halo Objects project (Alcock et al. 2000) and the Optical Gravitational Lensing Experiment (Udalski 2003) have targeted large areas of the sky with hour to day cadences to identify variable objects like supernovae, novae, Active Galactic Nuclei, cataclysmic variables, eclipsing and contact binaries, and microlensing events.
Several exoplanet surveys, e.g., the Wide Angle Search for Planets (WASP) and Hungarian-made Automated Telescope Network (HATNet), have used a number of small cameras or telescopes to obtain ∼few min cadence photometry on a large number of stars, providing 1% photometry for stars brighter than 12 mag. Yet other transient surveys targeted specific types of stars, like M dwarfs for the MEarth project, to look for exoplanets around them. The largest exoplanet survey so far, the Kepler mission, provided short cadence (≈1 min) data for 512 targets in the original mission, and the ongoing K2 mission is adding several dozen more short cadence targets for each new field observed. One of the unusual findings from the Kepler/K2 mission includes an exciting discovery of a disintegrating planetesimal around the dusty white dwarf WD 1145+017 in a 4.5 h orbit (Vanderburg et al. 2015; Gänsicke et al. 2016; Rappaport et al. 2016) . Such planetesimals around white dwarfs have not been found before because none of the previous surveys were able to observe a large number of white dwarfs for an extended period of time. These planetesimals are likely sent closer to the central star through planetplanet interactions (Jura 2003; Debes, Walsh & Stark 2012; Veras et al. 2013) . Hence, at least some planets must survive the late stages of stellar evolution.
The Large Synoptic Survey Telescope (LSST) will identify about 13 million white dwarfs and it will provide repeated observations of the southern sky every 3 days over a period of 10 years. Each LSST visit consists of two 15 s exposures, reaching a magnitude limit of g = 24.5 mag. However, this cadence is not optimum for identifying sources that vary on minute timescales. Here we present the first results from a new minute-cadence survey on the Cerro Tololo 4m Blanco Telescope that reaches the same magnitude limit as each of c 0000 RAS the LSST visits. We take advantage of the relatively large field of view of the Dark Energy Camera (DECam, Flaugher 2005) to perform eight half-night long observations of individual fields to explore the variability of the sky in minute timescales.
For this paper, we focus on the 111 high proper motion white dwarf candidates in our first survey field. We describe the details of our observations and reductions in Section 2. Sections 3 and 4 provide proper motion measurements and the sample properties. We present the light curves for the variable white dwarfs in Section 5, and conclude in Section 6.
DECAM DATA

Observations
We used DECam mounted on the Blanco 4m Telescope on UT 2014 Feb 2-9 to obtain g−band exposures of a three square degree field (corresponding to a single DECam pointing) centred at Right Ascension α = 9h 3m 2s and Declination δ = -4d 35m 0s. Our observations were performed under the NOAO program 2014A-0073. This field was previously observed by the Canada-France-Hawaii Telescope Legacy Survey (CFHTLS 1 ) between 2003 and 2008, and is part of the CFHTLS Wide 2 field, which is a 25 square degree field with MegaCam ugriz photometry available. The earlier MegaCam data provide the first epoch for our proper motion measurements.
DECam consists of a grid of 62 CCDs, each with size 2048 × 4096 pixels and platescale 0.263 ′′ per pixel. However, two of the CCDs were not functioning during our observing run, reducing the number of usable CCDs to 60.
All of our observations were obtained during the second half-of-the night, resulting in 4 hour long observing windows each night. The airmass of the target field ranged from 1.1 to 2.5 with a median airmass of 1.3 for the entire run. The g−band seeing ranged from 0.97 to 2.08 ′′ , with a median seeing of 1.23
′′ . Given the change in seeing, the individual exposure times ranged from 70 to 90 s, leading to an overall cadence of ≈90 to 110 s due to the ≈20 s read-out time of the camera. These exposure times were chosen to obtain S/N 5 photometry of targets brighter than g = 24.5 AB mag under the different seeing conditions. We obtained a total of 1041 DECam images of this field.
Data Reduction
We downloaded the reduced and calibrated DECam images from the NOAO Science Archive. Our images were processed through the NOAO "Community Pipeline" (version 3.0.2), as described in the NOAO Data Handbook 2 (2015). The pipeline uses calibration exposures taken during the observing run, such as biases and dome-flats, to remove the instrumental signature, and applies astrometric and photometric calibrations. The dark current in DECam is extremely low, and no dark correction is applied in the pipeline.
1 http://www.cfht.hawaii.edu/Science/CFHLS 2 http://ast.noao.edu/sites/default/files/NOAO_DHB_v2.2.pdf
The 2MASS
3 source positions are used as a reference to perform the initial astrometric correction. Initial photometric calibration and estimates of the zero-point magnitudes for the science images were obtained by comparing the DECam instrumental brightnesses of field stars to their published magnitudes in the USNO-B1 catalog (Monet et al. 2003) .
HIGH PROPER MOTION WHITE DWARFS
Proper Motions
The CFHT Legacy Survey Wide 2 field is a low-extinction, E(B − V ) = 0.02 mag, 4.8
• × 4.7
• field located at a Galactic latitude of l = +26.6
• . The MegaCam data on this field reach a completeness limit of g = 25.5 mag. In order to reach a comparable or better limiting magnitude, we stack 706 of our DECam images with airmass < 1.5 and a median seeing of 1.16
′′ . We stack the images on a chip by chip basis using the IRAF imcombine package, and trim off the bad portions of each image, especially near the chip edges.
We used SExtractor (Bertin & Arnouts 1996) to detect objects in the stacked image, and measured their positions (based on the windowed first order moments of the image profile, XWIN_IMAGE and YWIN_IMAGE) and instrumental magnitudes. These were matched to the CFHT Legacy Survey (CFHTLS) Wide 2 Field from the Terapix T0007 data release. In order to derive absolute proper motions, we calibrated the DECam astrometry against the CFHTLS using barely resolved galaxies. Figure 1 plots object size measured on the CFHTLS g image (SExtractor's FLUX_RADIUS) versus magnitude. Astrometric calibrators were selected to have 3.3 < FLUX_RADIUS < 4.0 (indicated by the red lines in Figure 1 ), which avoids stars (the locus of points with FLUX_RADIUS ∼2.7), but limits the calibrators to barely resolved galaxies, for which accurate centroids can be measured. Calibrators were further required to be clean (based on SExtractor flags) sources with 17.5 < g < 24. Blended sources were removed by rejecting objects with a neighbour within 2 ′′ . For each CCD, separate affine transformations in right ascension and declination were then fit to the offsets between the CFHTLS and DECam positions. Proper motions were then derived by differencing the CFHTLS and recalibrated DECam positions. Figure 2 shows the mean and rms differences between the CHFTLS and DECam positions for each CCD before and after the calibrations. Prior to calibrations, the average offsets for each CCD are of order 20 -150 mas, with RMS of order 50 -150 mas. After astrometric calibrations, the RMS for each CCD is reduced to ≈ 50 mas.
To estimate proper motion errors as a function of magnitude, we use the RMS of proper motion distributions of barely resolved galaxies at the bright end. We do not use the relatively bright stars for this estimate since the real stellar motions inflate the proper motion RMS. At the faint end, the errors in the centroids of the galaxies inflate the rms, so we use the rms of the proper motion distributions of the stars, which are mostly unaffected by real stellar motions. Proper motion errors are roughly 5 mas yr −1 down to g = 24.5 mag. We find σµ = 4.47 mas yr −1 for objects brighter than g = 21.5 mag, and σµ = 4.69 + 0.183 × (g − 21.5) 2 for g > 21.5 mag. Calibration errors dominate the centroiding errors, even at the faint end.
We compare our proper motion measurements to that of the PPMXL catalog (Roeser, Demleitner & Schilbach 2010) . Figure 3 shows this comparison for both before and after the astrometric calibration of our DECam data. The corrected proper motions agree well with the PPMXL values, showing an RMS scatter of 5.3-5.5 mas year −1 for stars brighter than g = 19 mag.
The Reduced Proper Motion Diagram
Reduced proper motion, defined as H = m + 5 log µ + 5 = M + 5 log Vtan − 3.379, can be used as a proxy for absolute magnitude for samples with similar kinematics. It also provides a relatively clean selection of different populations of stars, including white dwarfs and halo subdwarfs (Kilic et al. 2006 (Kilic et al. , 2010 .
To generate a clean sample of high proper motion stars, we first apply the cut 2.1 < FLUX_RADIUS < 3.3 on the CFHTLS g image, corresponding to the stellar locus in Figure 1 . To remove the considerable contamination from galaxies at the faint end, we require a clean, significant proper motion, for which we adopt the following criteria: 1) a oneto-one match between the DECam and CFHT images; 2) a matching distance of less than 4 ′′ , to avoid mismatches; 3) no neighbouring object within 2 ′′ , to avoid blends; 4) ellipticity measured on the DECam image less than 0.2; and 5) a total proper motion of µ > 20 mas yr −1 , corresponding to roughly a 4σ detection. Figure 4 shows the reduced proper motion diagram for our first DECam field, along with white dwarf evolutionary tracks for tangential velocities of 20 and 40 km s −1 . The red line marks the boundaries for our white dwarf selection region. We visually inspected all objects in this region on both the CFHTLS and DECam images, and classified the likelihood that the proper motion is real. Those objects whose CFHTLS or DECam centroids were clearly wrong (due to such effects as blends with nearby bright stars, false detections due to cosmic rays or diffraction spikes, etc), or whose image profiles are clearly non-stellar, have been rejected and are not plotted. The remaining objects were classified as either "good" or "maybe". "Good" objects have clean stellar profiles, and their proper motions are likely real. Objects classified as "maybe" are not obviously wrong (e.g., a clear blend with a nearby star), but one or both centroids may be incorrect. Typically one of three concerns was evident on the CFHTLS and/or DECam images: 1) the image profile is slightly asymmetric; 2) there is a nearby neighbor, though not obviously so close as to affect the centroid; or 3) the object is faint enough that it may not be possible to measure an accurate centroid. We suspect that the vast majority of the "maybes" have unreliable proper motions, and thus are not white dwarfs (and subsequent analysis in the paper will support this suspicion), however we carry them through the analysis as we also suspect a few may have reliably measured proper motions, and to include them in our photometric analysis in case they show variability or eclipses. We identify 78 good white dwarf candidates and 33 "maybes". Figure 5 shows the field around one of the newly identified, good white dwarf candidates in our program, WD87. This figure demonstrates that our stacked DECam image is significantly deeper than the CFHT Legacy Survey data. WD87, J090212.1-051642.7, is relatively faint with g = 23.7 mag, but its proper motion is clearly detected between the original CFHT observations and our DECam data from 2014.
Sample Size
There are 156,325 objects with g = 17.5 − 24.5 mag in our field and we classify 59,517 of them as point sources based on their Flux Radius measurements in the 2.1-3.3 pixels range. We lose 14% of the DECam area to trimming, and an additional 9% is lost when performing the 70 pixel cut for the distance of the object from the edge. These cuts are necessary, partly due to the poor quality of the stacked images near the edges and due to the worsening of the astrometric calibration close to the edges. About 7.1% of the remaining stars (hence ∼5.5% of the total) in CFHTLS were not detected on the DECam images. Of these, 52% were too close to a large bright object, 40% were blended with a neighbour, and the remaining 8% were affected by image defects. Finally, 4.2% of the remaining stars (∼3% of the original amount) were eliminated due to their nearest neighbour being within 2 ′′ in either the CFHTLS or the DECam catalog. Therefore the total loss is ∼31.5%.
The Besançon Galaxy model (Robin et al. 2003) predicts ∼103 white dwarfs with g < 24.5 mag and tangential velocities above 20 km s −1 in our DECam field. Given the 31% loss in our analysis, the expected number of high proper motion white dwarfs is 71. This is similar to the number of white dwarf candidates that we identify based on the reduced proper motion diagram. Tables 1 and 2 present the coordinates, ugriz photometry from the CFHT Legacy Survey, and proper motions for the remaining 78 good white dwarf candidates and 33 MAYBEs. The good white dwarf candidates include three objects with µ ≈ 100 mas yr −1 , WD69, WD73, and WD87, whereas the MAYBEs include candidates with total proper motions up to 44 mas yr −1 . 4 SAMPLE PROPERTIES
Temperatures and Cooling Ages
Figure 6 displays the u − g versus g − r colour-colour diagram for our white dwarf candidates along with the predicted colours for pure hydrogen atmosphere white dwarfs. The colours for the majority of the good white dwarf candidates are consistent with the models within the errors. On the other hand, a significant fraction of the MAYBEs have redder colours than the models, which could be due to contamination from M dwarf companions or our misidentification of these targets as white dwarfs. Regardless of this issue, our white dwarf candidates show a broad range of colours, indicating a broad range of temperatures, down to the cool white dwarf regime. We use pure hydrogen and pure helium atmosphere white dwarf models from Bergeron, Wesemael & Beauchamp (1995) and Bergeron et al. (2011) with the improvements discussed in Tremblay & Bergeron (2009) to fit the spectral energy distributions of our targets to constrain their temperatures. Our model grid covers T eff = 1500 to 45,000 K. Our fitting procedures are described in detail by Gianninas et al. (2015) . The only difference here is that due to lack of spectra and parallaxes for our targets, we assume a surface gravity of log g = 8.0. This is acceptable, given that the main peak in the mass distribution of the white dwarfs in the Solar neighbourhood is around 0. Figure 7 displays representative spectral energy distributions and our pure H and pure He model atmosphere fits to a dozen good white dwarf candidates in our sample. Given the relatively faint magnitudes of our targets, only ugriz photometry is available, which limits the choice of composition, especially for cool white dwarfs. Hydrogen-rich white dwarfs below about 5,000 K suffer from collision induced absorption due to molecular hydrogen. Hence, the lack of significant infrared absorption could be a sign of a hydrogen poor atmosphere.
The first two stars in Figure 7 , WD32 and WD33, are warmer than about 10,000 K, at which the differences between pure hydrogen and pure helium atmospheres are significant. The spectral energy distributions of these two stars clearly indicate a hydrogen atmosphere white dwarf. On the other hand, the rest of the stars in this figure are cooler than 8,000 K where the differences between the hydrogen and helium atmosphere models in optical photometry is minimal. Without near-infrared photometry, we assume pure hydrogen composition for our targets, unless the spectral energy distribution clearly favors the pure helium atmosphere model. The latter is true for a few of our targets, namely WD68, WD84, WD97, and one of the MAYBEs, WD4.
All but three of the objects in Figure 7 have spectral energy distributions that are well matched by our models. However, the photometry for WD37, WD41, and WD42 is too red to be explained by a single white dwarf. It is possible that these are white dwarf + M dwarf binary systems or they are contaminated by background sources. However, Figure 7 . Fits to the observed spectral energy distributions (error bars) of 12 of the good white dwarf candidates with pure hydrogen (filled circles) and pure helium atmosphere models (open circles). The adopted atmospheric parameters are emphasized in red. Figure 6 . A colour-colour diagram for our proper motion selected sample of white dwarfs. The colours for "good" (blue circles) and "maybe" (red triangles) white dwarf candidates along with the predicted colours for pure hydrogen atmospheres with log g = 7.0 to 9.5 and T eff from 120,000 to 1500 K are also shown.
all three of these targets look like point sources, and we detect >20 mas yr −1 proper motions. In addition, one of these sources, WD42, is a variable object with pulsation periods of 11-13 min, which demonstrate that it is a pulsating ZZ Ceti white dwarf (see Section 5.2) likely in a white dwarf + M dwarf system (Pyrzas et al. 2015) . Thus, we favour the stellar binary explanation for these sources. Tables 3 and 4 include temperature, distance, age, and tangential velocity estimates for our white dwarf candidates. Our sample includes white dwarfs with T eff = 22,150 K down to 4250 K, which correspond to cooling ages of up to 8.4 Gyr for log g = 8 white dwarfs. The estimated distances range from 147 pc to 4.9 kpc.
Kinematic Properties: Halo versus Disk
Figure 8 presents tangential velocities and cooling ages for our high proper motion white dwarf candidates. There are two candidates, WD87 and WD35 (which is classified as a MAYBE), with tangential velocities larger than the escape speed from the Galaxy.
Both velocities and cooling ages strongly depend on the choice of mass, or surface gravity for our targets. The white dwarf mass distribution peaks at about 0.6 M⊙ and there is another peak at lower masses (0.4 M⊙) and a tail toward higher masses (Tremblay et al. 2013 ). Hence, our choice of log g = 8 is appropriate for most targets, and for studying Table 3 . Physical parameters of the good white dwarf candidates in the first field. Here and in Table 4 we assume a surface gravity of log g = 8. Figure 8 . Tangential velocity versus age for the good (filled) and probable (open circles) white dwarf candidates in the first field. Both Vtan and the cooling age strongly depend on the mass of the white dwarf, which is assumed to be M ≈ 0.6M ⊙ (i.e., log g = 8) in this analysis.
the ensemble properties, but the cooling ages and especially tangential velocities may be skewed toward higher values if the surface gravity is significantly different. For example, at T eff = 12,000K, increasing the assumed surface gravity by 1 dex lowers the distance estimate and thus the tangential velocity by a factor of two. Hence, WD87 and WD35 are likely more massive than the canonical 0.6 M⊙, as it is highly un-likely to find two such objects in our relatively small sample of white dwarfs. Figure 8 surprisingly shows a trend in which younger objects tend to have higher tangential velocities. This is highly unexpected, as halo objects (therefore older and cooler white dwarfs) should have larger tangential velocities. Particularly, WD25 has a tangential velocity of 400 km s −1 , and a cooling age of only 40 million years. It is possible that WD25 could be a newly born halo white dwarf with M ≈ 0.53M⊙ (Bergeron, Leggett & Ruiz 2001) . However, this would be a rare occurrence, since most of the halo population is old. The Besançon Galaxy model (Robin et al. 2003 ) predicts 0-1 halo white dwarfs in our field down to g = 24.5 mag. Some of the fastest moving objects could in fact still belong to the Galactic disc, but have a log g > 8.0.
Given the significant errors on the estimated distances, the tangential velocity distribution is predicted to range between 19 and 110 km s −1 for the thin disk and between 53 and 133 km s −1 for the thick disk populations. Moreover, the thick disk white dwarfs are predicted to be outnumbered by the thin disk sample by a factor of 15. The majority of the objects in our sample have tangential velocities < 200 km s −1 , thus are consistent with Galactic disk membership.
THE LIGHT CURVES
Building the Light Curves
In order to generate lightcurves for all of the white dwarf targets, we used the IRAF phot package to perform aperture photometry on all of the images collected with DECam. Since we are interested in identifying variable objects, only relative photometry is needed for our program, and we do not perform absolute photometric calibration of our DECam observations.
To account for short-term changes in the atmosphere (such as cloud coverage or haze), as well as the change in airmass, we use six bright, unsaturated, non-variable stars in each CCD as reference stars. Given the large field of view of DECam, the image quality differs for different CCDs. Hence, the selection of reference stars and our calibration procedures are done separately for each CCD. After shifting the six reference stars to the same magnitude scale, we use a sigma-clipping algorithm to reject bad points that are affected by cosmic rays or CCD defects, and we take their weighted mean to create a reference light curve for each CCD. To calibrate the relative photometry for our white dwarf targets, we subtract the appropriate calibration light curve, given the CCD that includes each target. Note that this process was run separately for each night, and for each CCD that contained one or more targets.
The reference stars chosen to calibrate the light curves are typically redder than our white dwarf targets. Hence, airmass related effects are still present in the light curves of many of our targets and they lead to significant peaks especially at 4 cycles per day in the Fourier Transforms. We fitted third degree polynomials to the target light curves to remove this effect. 
A New Variable System
We use the Period04 4 package to calculate Discrete Fourier Transforms for each of our white dwarf targets. We compare the amplitudes of the observed peaks with the median amplitude (<A>) in the Fourier Transform, and only consider the peaks above 5 <A> as significant. Some of our targets still show significant peaks at 4, 6, 8, or 12 cycles per day due to our observing window. However, there is only one target that is clearly variable. Figure 9 shows the 8-night-long light curve of WD42. Sinusiodal variations in each night are clearly visible in this light curve. Figure 10 shows the Fourier Transform of this light curve. There are two significant peaks at 99.5889 ± 0.0069 and 112.9466±1.8662 cycles per day with amplitudes of 1.22 ± 0.12% and 0.79 ± 0.25%, respectively. The observed range of periods, 765-868 s, are consistent with the pulsation periods seen in ZZ Ceti white dwarfs (e.g., Mukadam et al. 2004) .
ZZ Ceti white dwarfs are found in a narrow instability strip around T eff ≈ 12,000 K (Gianninas, Bergeron & Ruiz 2011) . However, our model fits to the spectral energy distribution of WD42 (see Fig. 7 ) indicate an effective temperature of 6670 K for a single white dwarf. These models clearly fail to reproduce the spectral energy distribution of WD42. A likely explanation for the observed colours of WD42 is that it is a pulsating white dwarf + M dwarf system in which the white dwarf dominates the photometry in the blue (ug bands) and the M dwarf dominates in the red. With an apparent magnitude of g = 20.64, WD42 becomes the second faintest pulsating white dwarf known after the white dwarf companion of PSR J1738+0333 .
No Transits
Solid body transits around white dwarfs last 1-2 min (e.g. Brown et al. 2011 Relative Magnitute (mag) Figure 9 . DECam time-series photometry of WD42 over 8 half-nights. The lightcurve shows significant sinusoidal variations, especially visible in nights two and four, making this one of the faintest ZZ Ceti white dwarfs currently known.
one or two photometric points for each orbital period. After constructing 8-night-long lightcurves for all of the white dwarf candidates and MAYBEs, we checked all of them for the presence of significant ( 4σ) dips, and we visually inspected the images with potential transits. One of our targets, WD46, showed significant photometric dips at the end of the night, for several nights. A careful inspection of the images with the dips show that WD46 is close to the edge of the chip and the point spread function is rather elliptical at its location in these images. Hence, the observed photometric dips are not real. None of the remaining targets show any significant dips that could be attributed to an eclipsing planet orbiting around its host star.
Given our 4 h long observing window each night, we are sensitive to 100% of transiting objects with orbital periods of 4 h or less, assuming they cause significant eclipses. However, we expect the detection rate to fall significantly at longer orbital periods, and especially at 6, 8, 12, 16, 24 and 28 h, which are discrete frequencies of our observing window of 4 h per night.
To estimate our transit detection efficiency, we simulate an 8-day-long set of lightcurves, each with cadences of 90 seconds, presenting eclipses the length of one data point at periods ranging from 2 to 30 hours, with increments of 30 minutes. We then filter the light curves through our observing window and shift the times of eclipses to probe all possible configurations. We require at least two eclipse events to call it a detection. Figure 11 presents the transit detection probability for a flat distribution of periods. We see an overall trend of decreasing probability as the orbital period increases. The total shaded area in the graph represents the cumulative probability of detecting a transiting object in the sample, which corresponds to 68.5%. In other words, our DECam observations are capable of detecting 68.5% of the significant transits with periods less than 30 h. The detectability of a given planet depends on the magnitude of its host star. Dimmer stars show higher scatter in their light curves, and this limits the detection of asteroids and moons around the fainter targets. Table 5 shows the minimum depth (in percentage) required for eclipses to be detected at the 4σ level when probing stars of different magnitudes. Assuming that the majority of our targets are average mass white dwarfs with a radius comparable to Earth, our observations are sensitive to transits by moon-sized objects for targets brighter than g = 20 mag, and by Earth-sized objects for all targets.
The probability of an eclipse is 1% for an Earth-like planet orbiting in the habitable zone of a white dwarf, which typically extends between 0.005 and 0.02 AU for a 0.6 M⊙ white dwarf (Agol 2011) . Therefore, our cumulative detection rate corresponds to an expected detection rate of 0.7% due to our observing window from the ground. Hence, we would expect to find 0.8 planets in a sample of 111 stars, if Figure 11 . The probability of transit detection (green area) as a function of the orbital period based on our cadence and observing window of 8 half-nights. The range of periods covers the extent of the Habitable Zone of a 0.6 M ⊙ white dwarf. The cumulative detection rate for P 30 h is 68.5%.
each white dwarf had an earth-mass planetary companion within its habitable zone. Therefore, the lack of detection of eclipses in our sample of 111 white dwarf candidates is not surprising.
CONCLUSIONS
We present the results from the first minute-cadence survey of a large number of white dwarf candidates observed with DECam. We identify 111 high proper motion white dwarf candidates brighter than g = 24.5 mag in a single DECam pointing. We estimate temperatures, cooling ages, and tangential velocities for each object and demonstrate that our targets are consistent with thin and thick disk white dwarfs. We create light curves for each white dwarf, spanning 8 half-nights. We identify a g = 20.64 mag pulsating ZZ Ceti white dwarf, most likely in a binary system with an M dwarf companion. We do not find any eclipsing systems in this first field, but given the probabiliy of eclipses of 1% and our observing window from the ground, this is not surprising. However, this work demonstrates the feasibilty of using DECam to search for minute-cadence transits around white dwarfs. In addition to the high proper motion white dwarfs, the Besançon Galaxy model predicts 400 other white dwarfs with µ <20 mas yr −1 in one of our DECam fields.
Image subtraction routines can be used to search for variability for all of the sources in our DECam field, including the non-moving white dwarfs. Such a study with High Order Transform of PSF and Template Subtraction (HOTPANTS, Becker 2015) is currently underway and it will be presented in a future publication. Given the probability of 0.7% of finding a transit around a white dwarf, increasing the size of the white dwarf sample to several hundreds would enable us to find the first solid-body planetary companion, if such systems exist.
